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Abstract— Microwave drying is a dehydration process that is
often used to preserve a food or material. In this study, sea bass
leathers were dried by microwave technique. In order to improve
the productivity, the microwave energy was applied to decrease
the drying time. The sea bass leathers were dried to the desired
final moisture content, whereby 70-80 °C hot air for baking are
generated by the heating process from magnetrons and three levels,
power microwave consists of approximately 60 %, 50 %, 30 %
and drying time are 15-30 minutes based on power ON per unit
of total magnetron respectively. The relation between the final
applied parameters of microwave power, number of magnetron
and the temperature is presented as well. This method can be
applied in dehydration with microwave techniques.

Keywords-microwave drying; dehydration; rate of drying; sea
bass leathers

l. INTRODUCTION

Microwaves refer to the electromagnetic waves in the
frequency range of 300 MHz up to 300 GHz. Since the great
experiments were carried out by Dr. Percy Spencer in 1946,
microwave heating has been used widely in food industry [1].
Once the microwave energy is absorbed, polar molecules and
ions inside the food will rotate or collide, according to the
alternating electromagnetic field and heat is subsequently
generated from cooking. Nevertheless, and in agreement with
the industrial, only 915 MHz and 2.45 GHz are used for food
applications, especially the second due to its worldwide
availability. The dissimilar process of dehydration has been
reported by other authors, indicating some example of this
process is solar drying [2], vacuum drying [3], freeze drying [4],
microwave drying [5], microwave vacuum drying [6], microwave
freeze drying [7], infrared radiation drying [8], etc.

In general, technology of microwave for food in Thailand
domestic is widely used only in household cooking. Nowadays,
for the use of microwave technology in the industry. There is
no widespread usage. Because of the lack of understanding in
the application of microwave heating. In addition, entrepreneurs
think that microwave on high technology are composite and
may cause more harm than the investigations in the baking
process, rather than using another method. In Songkhla, Thailand
is the source of the most delicious Seabass because the
surrounding white Seabass. The Ko Yo Island area contains
both salt water and fresh water, brackish water changes
according to the each season of the year, it is the source of the
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famous sea bass. When the frozen industrial came to carve sea
bass and fish meat exported to Japan. There is still leather by
the remaining fish. The idea of entrepreneurs (T.M.P.) were
converted fish leather to food. The importance of the
remaining sea bass leather has dried and fried tried a local
distributor. As well as the widely popular both at country and
abroad. Usually baked seabass skins, it will consist of 2 ways:
baking with solar drying and hot air, but the two methods, it
will use for a long period of time to bake. By baking with hot
air, frying fish leather successfully will take about 40-50
minutes.

Therefore, this research presents ideas to design with baking
by using microwave [9-11], which can reduce production time,
and consider the value of food, such as the crunchy and still
the same softness as well as storage for long periods as with
the traditional hot air drying. There is also a concept that
combi-nation of heat from microwave and the hot-air for
baking are generated by the heating process from magnetrons.

Il.  RELATION OF MICROWAVE HEATING THEORIES

The basic equation in microwave heating is a model of
transverse electromagnetic (TEM) mode. The microwave with
x- and y- components of the electromagnetic fields and they
are assumed to propagate at frequency 915 MHz or 2450 MHz
along the z- component direction. Maxwell’s equations
manage microwave heating, the electromagnetic wave
collaboration with materials [12-13] is expressed in four
equations:
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where E is the electric field intensity (V/m), H is the magnetic
field intensity (A/m), B is the magnetic flux density (Wh/m?),
D is the electric flux density (C/m?), ¢is the time, and D =¢E .

Waveguide is a structure that guides waves for electromagnetic
waves, it able a signal to propagate with minimal loss of energy by
restricting expansion. In microwave oven, the waveguide transfers
power from the magnetron, where waves are formed in the baking
food. Electromagnetic waveguides are evaluated by explaining
Maxwell’s equations or their reduced form the electromagnetic
wave equation with boundary conditions are determined by the
properties of the materials. From Maxwell’s equations leading
to curl equation is given by

VxE=—jouH,VxH = jocE (3)

The relationship of £ and H in the direction of movement
in the z- axis, where E,, H, c e (i =x,y,z) can be expressed
as
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where A% =y® + w’ue , written in the form of a relationship
element in the transverse is as follows:
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TEM mode, electromagnetic wave is £, = H_ =0, TE mode
is £, =0and TM mode is H_ = 0respectively. The Microwave

heating is used in the form of the signal transmission cable outlet
metal wave that has a rectangular shape with dimensions width by
length bxa is given by
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The general equation is in the form of a sine function.
X (x) = Acos(k x) + Bsin(k x) ©)

Y(y)=Ccos(k,y)+ Dsin(k,)

The electric field at the edge of the waveguide, leading the
waves to the position x=0and y=0

E. |(x =0) =(4cos(0) + Bsin(0))(Ccos(k, y) + Dsin(k,y))e ™ =0 (10)
E_|(y =0) =(Acos(k,x) + Bsin(k,x))(Ccos(0) + Dsin(0))e™” =
For TM mode, consider the relationship of the electric field at

the edge of the waveguide, leading the waves to the position
x=aand y=»b
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Sy 18 cut off frequency with m, n mode whereby all relations
leading to the equation are as follows:
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For TE mode, equation is as follows:
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Sea bass leathers are lossy material, they absorbs microwave
power and leads to temperature increase. The temperature
variation is governed by heat transfer equation [10], [14] which

(12)
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describes the space and time behavior of the temperature field is
given by
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where p,C,and k, are material density, specific heat capacity
and thermal conductivity respectively. T is the temperature, P is
(EM) microwave power dissipation, and @ = 2 f with f being
the applied frequency, o is the effective dielectric conductivity.
&, is the permittivity of free space and &” is the imaginary part
of the permittivity of the material.

The rehydration capacity [15] is described as water gain as follow:

Weight gain = % (15)

d

where W, is weight after rehydration at time ¢ and W, is
weight before rehydration at time t respectively.

The Lewis model has been widely applied to predict the thin-
layer drying data of food products exhibiting a decreasing drying
rate [16], which only takes into account the surface resistance to

moisture transfer. The moisture ratio (MR) was calculated
using the following equation:

M, -M,

MR =
MO_Me

(16)

where M, is the experimental moisture content, M, is the
equilibrium moisture content and A/, is the initial moisture
content respectively.

For constant microwave power, decrease in drying rate was

same primarily for all pulse ratios [17]. The PR was calculated
using the following equation:

(17)

on

where ¢, is magnetron power ON time and z,, magnetron

power OFF time, for the example ,when ON time and OFF
time 30s/30s(PR=20, ¢, /¢,), 20s/40s (PR =3.0), and

10s/50's (PR = 6.0).

94

The dimension of rectangular waveguide is important because
waveguides are used to transfer electromagnetic power efficiently,
has been applied to the construction of heating. Based of
theoretical in topic 11 consideration of prototype of microwave
drying machine, the size of this waveguide (b, a) are 11, 6 cm
respectively. From the simulation with MATLAB to find out the
cutoff frequency by considering cases of basic mode m=1, n=0.
The cutoff frequency is 1.36 GHz, for cutoff frequency design
must less than fundamental frequency f, < f, where f =2.45

GHz. The machine was presented in fully parameterized
model develop for microwave drying. All geometrical is shown
in Fig. I. This microwave machine consists of many drying cells
(6 cell in cavity), each of them is based on the idea of open
resonator, each of cell in cavity has own magnetron located in
waveguide owner. In addition, the baking trays are also rotated so
that heating it across all sectors. All the element of a machine is
as shown geometric shapes machine, 3D schematics in Fig. Il.

PROTOTYPE OF MICROWAVE DRYING MACHINE
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TSN

Unit : cm “I o T

FIGURE I. THE LAYOUT OF WAVEGUIDE IN MACHINE

The microwave drying machine is constructed, as shown in
Fig. I11., for using the machine can control ON and OFF power
of the magnetron, (the power of magnetron has for each size,
equal to 1000 W.) with the switch and it can control pulse
ratios (PR) for heating sea bass leathers. It can also be control
a time for operating of magnetron in microwave cavity by
using timer controller. The packaging is composed of a total of
eight shelves and can be baked seabass leathers with 2 kg at a
time.

FIGURE Il. THE GEOMETRICS SHAPES 3D SCHEMATICS
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FIGURE Ill. THE PROTOTYPE OF MICROWAVE DRYING MACHINE

IV. RESULTS AND DISCUSSION

Preliminary testing machine, the results of moisture in the
sea bass leather, found that the moisture content of 20 pieces
before baking (measuring 1 piece at a time), there will be
moisture equals 3.63 - 4.75% moisture after baking and it will
have a value of 20 sea bass leather moisture (determination
moisture per 1 piece). The moisture equals 2.30 - 3.80%. From
the results it can be seen that the baking of sea bass leather
moisture are slightly changed. The results are preliminary
information for consideration in baking by microwave drying.
However, the problem that is occurring, we can see that the
baking material is moist and the process can reduce rate of
moisture. This research will have to take into consideration the
cost effectiveness, energy consumption and times for baking, as
well as the quantity that can be baked in each time. In fact,
regardless of the sea bass leathers are not burn or scorch
distortion after baking. As well as the taste must remain the
same as the original, traditional. From the tested machines can
summarize in the Table I. The measured results of microwave
drying machine for sea bass leather in Table I. are in good
agreement with the measured results of the traditional process
but can reduce the time to be a better than in the past of drying.
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TABLE I. THEPARAMETER OF MICROWAVE DRYING MACHINE

Power of The number of magnetron Range of Time
magnetron (Position ON) Temp.(°C) (Min.)
60 % 2(C, D) 50-70 20
60 % 3(A,D,E), (B, C,F) 60-80 15
50 % 2(C,D) 50-70 25
50 % 3(A,D,E), (B, C,F) 50-70 20
30 % 2(C,D) 50-60 30
30 % 3(A D, E), (B,C, F) 50-60 25
30 % 4(A,C,D,F) 50-70 20

V. CONCLUSIONS

The results of microwave drying machine for sea bass
leathers revealed the following conclusion, increasing drying
temperature with microwave power of magnetron can reduce
the drying time of sea bass leathers, but sea bass leathers are
not burn or scorch distortion after baking. Among the drying
parameters are studied, range of temperature are 50 - 80 °C
and 60 % , 50 % and 30 % microwave power of magnetron
could be mentioned for drying are in good agreement with the
measured results of the traditional process but can reduce the
time to be a better than in the past methods of drying.
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